Abstract Vitamin D is critical for calcium, phosphate homeostasis and for mineralization of the skeleton, especially during periods of rapid growth. Vitamin D Deficiency leads to rickets (in children) and osteomalacia (in adults). Expression and activation of the vitamin D receptor (VDR) are necessary for the effects of vitamin D, in which several single nucleotide polymorphisms have been identified especially (FokI, BsmI). In this study serum 25 (OH) vitamin D3 levels were estimated by Enzyme Linked Immunosorbent Assay [ELISA], VDR (FokI, BsmI) gene polymorphisms were analyzed by polymerase chain reaction-restriction fragment length polymorphism assay [PCR-RFLP].Serum levels of calcium, phosphorus, alkaline phosphatase and ferritin were determined in 50 Pediatrics beta thalassemia major patients and 60 controls. Patients had significantly lower serum calcium (p \ 0.001) lower serum vitamin D3 (p \ 0.001) with elevated levels of phosphorus (p \ 0.001) and alkaline phosphatase than controls (p = 0.04). Of the patients studied, 60 % had vitamin D deficiency (\20 ng/ml), 20 % had vitamin D insufficiency (21-30 ng/ml) and 20 % had sufficient vitamin D status ([30 ng/ml). Patients harboring mutant (Ff,ff) and wild (BB) genotypes were associated with lower serum calcium (p = 0.08, 0.02) respectively, lower vitamin D3 levels (p \ 0.001, 0.01) respectively. They were also suffering from more bony complications although the difference was not statistically significant (p [ 0.05). In conclusion, these results suggest that the VDR (FokI, BsmI) gene polymorphisms influence vitamin D status, (Ff,ff), BB genotypes had lower vitamin D levels, so they might influence risk of development of bone diseases in beta thalassemia major.
Introduction
Beta-thalassemia, an inherited blood disorder, mainly affects people from the Mediterranean region. This life threatening anemia is so severe that regular blood transfusions and iron-chelation therapy is obligatory throughout life [1] .
Bone disease comprising of low bone mineral density (BMD), bone pain, and fractures is a characteristic feature of thalassemia [2] . The etiology of bone disease in thalassemia is multifactorial and is still under investigation. Factors such as hormonal deficiency, especially gonadal failure, bone marrow (BM) expansion, increased iron stores, desferrioxamine toxicity, calcium and vitamin D deficiency have been implicated to have a serious impact on the impaired bone metabolism [3] .
Vitamin D is one of the important factors required for bone development and maintenance of bone mass as well as the principal factor for normal calcium and phosphate homeostasis [4, 5] . Besides the essential role in calcium homeostasis and bone metabolism, research in the last two decades has shown that cell differentiation, inhibition of cell growth, immunomodulation, and control of other hormonal systems are also biological processes where the vitamin D endocrine system plays an important role [6] .Vitamin D deficiency is increasingly identified among patients with beta-thalassemia major, especially during the winter period and with ageing [7, 8] .
Most of the biological actions of vitamin D are mediated by a high-affinity intracellular receptor vitamin D receptor (VDR) that acts as a nuclear transcription factor, regulating the synthesis of proteins involved in bone mineral homeostasis and cell proliferation [9] . The VDR gene is located on chromosome 12 (q12-q14), is 75 kb in size, and is composed of 11 exons. Exons 2 and 3 encode the amino acids involved in DNA binding, and exons 7, 8, and 9 are implicated in vitamin D binding. The VDR gene contains many single nucleotide polymorphisms (SNPs) that could potentially modify the expression and activation of VDR. FokI T [ C (rs2228570), BsmI G [ A (rs1544410), ApaI G [ T (rs7975232), and TaqI T [ C (rs731236) are the most widely SNPs studied of this gene [10] .The FokI polymorphism is a T/C transition at the translation initiation site of exon 2 in the 5 0 coding region of the VDR gene. This change creates a new start codon (ATG to ACG) resulting in a peptide that is shorter by 3 amino acids (427 compared with 424), which has higher transcriptional activity compared with the full-length vitamin D receptor protein [11, 12] .
The aim of this study was to characterize the expression pattern of the vitamin D receptor gene polymorphisms (FokI, BsmI) in Pediatrics patients with beta thalassemia major (using polymerase chain reaction-restriction fragment length polymorphism assay [PCR-RFLP] 
Patients and Methods

Patients
The present study was conducted on 50 Pediatrics patients with Beta Thalassemia major. They were 29 males (58 %) and 21 females (42 %) with age ranging from 2 to 15 years old. Sixty unrelated healthy individuals were served as control group. Both patients and controls were recruited from Faculty of Medicine, Beni Suef University Hospital. Data confidentiality was preserved according to the Revised Helsinki Declaration of Bioethics (2008) [13] . Informed consent was obtained from all the patients or parents of children who agreed and participated in this study.
Patients were subjected to (1) 
Methods Sampling
Venous blood was obtained by a sterile venipuncture and divided into 2 parts. One part was delivered into an ethylene diamine tetra-acetic acid (EDTA) tube (used for separation of cell pellet which was stored for DNA extraction and subsequent VDR gene polymorphism) while the other part was centrifuged and sera were obtained and stored at -20°C for assay of:
II The presence or absence of the enzyme recognition site was identified by ethidium bromide staining of fragments separated in a 2 % agarose gel electrophoresis, then visualized using UV transilluminator. DNA molecular weight markers (QIAGEN GelPilot) 50-500 bp Ladder {cat no. 239025} and 100-1000 bp Ladder {cat no. 239045} were used to assess the size of the PCR-RFLP products (FokI, BsmI) respectively.
Genotypes were assigned as FF, Ff and ff for the VDR-FokI polymorphism and BB, Bb, bb for the BsmI polymorphism. For the FokI cleaved PCR products, the single resultant fragment was 273 bp (FF), whereas the two resultant fragments digested with FokI enzyme were 198 and 75 bp (ff), and the heterozygous gave rise to 3 fragments 273, 198 and 75 bp (Fig. 1) . For the BsmI cleaved PCR products, the single resultant fragment was 823 bp (BB), whereas the two resultant fragments were 648 and 175 bp (bb), and the heterozygous gave rise to 3 fragments 823, 648 and 175 bp (Fig. 2) . For quality control, genotyping of 10 % of the samples was repeated and interpreted blindly by two different observers and proved to be identical to the initial results.
Statistical Methods
Data was analyzed using IBM SPSS advanced statistics version 20 (SPSS Inc., Chicago, IL). Numerical data of scores were expressed as mean and standard deviation or median and range as appropriate. Qualitative data were expressed as frequency and percentage. Chi square test (Fisher's exact test) was used to examine the relation between qualitative variables. For quantitative data, comparison between two groups was done using MannWhitney test (non parametric t test). Comparison between 3 groups was done using Kruskal-Wallis test (non-parametric ANOVA) then post-Hoc ''Schefe test'' on rank of variables was used for pair-wise comparison. Odds ratio (OR) with it 95 % confidence interval (CI) were used for risk estimation. A p value \0.05 was considered significant [16] 
Results
The present study was conducted on 50 Pediatrics patients with Beta Thalassemia major, 29 males (58 %) and 21 females (42 %) with age ranging from 2 to 15 years. Sixty healthy unrelated individuals served as control group. They were 33 males (55 %) and 27 females (45 %) with age ranging from 2.5 to 15 years.
Results of VDR polymorphism (FokI, BsmI) gene polymorphisms among patients and controls are shown in Table 1 . There were no statistically significant difference between patients and controls (p [ 0.05).
Biochemical parameters among Thalassemic patients and Controls Table 2 :
Vitamin D levels were significantly lower in patients (20.3 ± 14.7) than controls (46.2 ± 16.3) ng/ml (p \ 0.001). Of the patients studied, 60 % had vitamin D deficiency (\ 20 ng/ml), 20 % had vitamin D insufficiency (21-30 ng/ml) and 20 % had sufficient vitamin D status ([30 ng/ml). There was a highly statistically significant difference between patients and controls as regards serum calcium level, phosphorus level (p \ 0.001) in both and alkaline phosphatase level (p = 0.04). Thalassemic patients had lower calcium and higher phosphorus and alkaline phosphatase levels than controls.
Clinical and Hematological findings in Thalassemic patients in relation to VDR (FokI) gene polymorphism Table 3 .
There was a statistically significant difference between wild type (FF) and mutant types (Ff or ff) as regards age, duration of illness (p = 0.03) and hepatomegaly (p \ 0.001). Patients with mutant types were older in age, had longer duration of illness and had hepatomegaly more than wild type. Although mutant types were shorter than wild type; yet this difference was near statistically significance (p = 0.06). Although bony pain, tenderness, deformity and pathological fractures were more frequently represented among mutant types compared to wild type, yet the difference was not statistical significance (p [ 0.05).
Clinical and Hematological findings in Thalassemic patients in relation to VDR (BsmI) gene polymorphism Table 4 .
The only statistically significant difference between wild type (BB) and mutant types (Bb or bb) was in serum calcium level, being lower in wild type than mutant ones (p = 0.02). Although bone tenderness, deformity and pathological fractures were more frequently represented among wild type compared to mutant types, yet the difference was not statistical significance (p [ 0.05).
Impact of VDR (FokI, BsmI) genotypes on vitamin D status in Thalassemic patients FokI, BsmI alleles in relation to clinical and laboratory data in Thalassemic patients Table 6 .
FokI patients harboring f allele were older in age (p = 0.01), had longer duration of illness (p = 0.008), lower vitamin D levels (p \ 0.001), had lower serum calcium levels (p = 0.04), had lesser weight (p = 0.01), lower height (p = 0.01) and more frequent hepatomegaly (p \ 0.001) than F allele.
BsmI patients harboring B allele had longer duration of illness (p = 0.005), lower vitamin D levels (p = 0.002), had lower serum calcium levels (p = 0.01), had lesser weight (p = 0.03), lower BMI (p = 0.05) than b allele.
VDR (FokI, BsmI) alleles and its relation to vitamin D deficiency Table 7 .
FokI Vitamin D deficiency were more frequently represented among f allele (56.7 %) than F allele (43.3 %) (p = 0.001, odds ratio 5.353 (95 % CI: 1.841-15.561). 
Discussion
The survival of patients with thalassemia major has progressively improved with advances in therapy; however, osteoporosis and cardiac dysfunction remain frequent complications. Adequate circulating levels of vitamin D are essential for optimal skeletal health and reducing fracture risk [17] . Most of the biological actions of vitamin D are mediated by an intracellular receptor (VDR) in which several single nucleotide gene polymorphisms have been identified. Vitamin D deficiency is increasingly identified among thalassemic patients [18] .
Thus, in an attempt to increase our understanding of the interaction between vitamin D status, the risk of development of bone diseases and the genetic polymorphism of VDR, we studied the genetic polymorphisms of two members of the VDR (FokI and BsmI), in a case-control study conducted on a cohort of Egyptian Beta Thalassemic major patients. 
<0.001
Serum calcium (mg/dl) 8.6 ± 0.8 In the current study, genotype frequencies of FokI were similar to those previously reported for other populations; 50 % of the patients were homozygotes for F allele, 38 % were heterozygotes and 12 % were homozygotes for the f allele [18, 19] .
Low serum calcium levels with elevated levels of serum inorganic phosphorus and alkaline phosphatase were found in our thalassemic patients. Our results are in accordance with De Sanctis et al. [20] who reported hypocalcemia as a late complication of iron overload in cases of beta-thalassemia. Tantawy et al. [21] found that 75 % of their betathalassemic patients had a low calcium level. The low calcium level was probably caused by a combination of hypoparathyroidism and osteomalacia evidenced by elevated bone alkaline phosphatase presumably resulting from deficient calcium intake. Impaired calcium homeostasis is thought to be a consequence of iron overload seen in b-thalassemic transfused patients [22] . Other mechanisms leading to disturbed calcium and phosphorus homeostasis include decrease intake, impaired absorption, and reduced synthesis of vitamin D [23] .
In the current study, mutant FokI genotypes (Ff,ff) were associated with lower serum calcium levels than wild type; but the difference did not reach statistical significance (p = 0.08). While wild BsmI genotype BB was the one with lower serum calcium levels than mutant types (Bb,bb), the difference was statistically significant (p = 0.02). FokI and other polymorphisms of VDR gene have been associated with altered calcium homeostasis and impaired bone metabolism [18] . But Singh et al. [2] did not find any association between serum calcium, phosphorus or alkaline phosphatase with any of the VDR gene polymorphisms (FokI, BsmI and TaqI).
In the current study, thalassemic patients had lower levels of serum 25 (OH) vitamin D3 than controls, the difference was highly statistically significant (p \ 0.001). Of the patients studied, 60 % had vitamin D deficiency (\20 ng/ml), 20 % had vitamin D insufficiency (21-30 ng/ml) and 20 % had sufficient vitamin D status ([30 ng/ml). Our results are in accordance with Dimitriadou et al. [18] who recorded low levels of serum 25 (OH) vitamin D3 in patients than controls, also 59.4 % of their thalassemic patients had vitamin D deficiency. Again Singh et al. [2] results are in accordance with our results and they reported that about 80.6 % of their patients had vitamin D deficiency. In contrary to our results, El-Edel et al. [24] found normal levels of 25 (OH) D3 in their thalassemic patients, however, it was lower among older patients compared to children. In agreement with our findings, low levels of vitamin D in patients with beta thalassemia major have been frequently described previously [25, 26] . This could be explained by some studies who demonstrated that vitamin D deficiency, oesteomalcia and rickets in thalassemic patients were attributed to defective 25 hydroxylation of vitamin D in the liver due to iron overload and subsequent liver dysfunction [27] .Other mechanisms include decreased intake, impaired absorption, or reduced synthesis of vitamin D [23] .
In the current study, mutant FokI genotypes (Ff,ff) were associated with lower 25 (OH) D3 levels than wild type; the difference was highly statistically significant (p = \0.001). Vitamin D deficiency were more frequently represented among mutant (Ff,ff) genotypes (66.7 %) than wild FF genotype (33.3 %) (p = 0.004). In agreement with our results; Dimitriadou et al. [18] found that thalassemic patients harboring the ff genotype was associated with lower 25 (OH) D3 concentrations. Ff genotypes was associated with lower 25 (OH)D3 concentrations also in patients with multiple sclerosis [28] .
In the ff variant, initiation of translation occurs at the first ATG site, giving a long version of VDR protein comprised 427 amino acids. Conversely, in the FF variant, translation begins at the second ATG site instead of the first, resulting in a protein shortened by three amino acids [29] . It has been demonstrated that a length of the VDR, affected by the presence of the polymorphisms, could lead a lower activation of target cells, since a longer VDR protein appears to have a decreased transcriptional activity [30] .Thus, the f allele leads to the production of a 3 amino acid longer and less functional VDR protein, compared to the product of the F allele [31] .
While in BsmI gene polymorphism; wild genotype BB was the one with lower vitamin D levels than mutant genotypes (Bb,bb), the difference was statistically significant (p = 0.01). Although vitamin D deficiency were more frequently represented among wild (BB) genotype (66.7 %) than mutant (Bb,bb) genotypes (33.3 %), yet this difference was near statistically significant (p = 0.06).
In our study, when bone diseases were considered, bony pain, tenderness, deformity and pathological fractures were more frequently represented among mutant FokI (Ff,ff) genotypes and wild BsmI BB genotype, yet the difference was not statistically significance (p [ 0.05). Singh et al. (2011) [2] found lower bone mineral density (BMD) of lumber spine with FF and BB genotypes when studying 40 beta thalassemic patients.
El-Edel et al. [24] when analyzing BsmI VDR gene polymorphism revealed that b-thalassaemia patients with the BB genotype had significantly lower bone mineral density (BMD) compared to those with bb or Bb genotypes. This finding agrees with that reported by other studies who found that BsmI VDR gene polymorphism was associated with osteopenia [23, 32, 33] . El-Edel et al. [24] added that patients with BB genotype had lower height standard deviation (HSD) compared to those with either bb or Bb genotype. Shorter height and lower BMD were reported in patients with BB VDR genotype and VDR gene polymorphism was associated with adult stature and bone size indicating a significant role of it in skeletal growth [32, 34] . They concluded that BsmI VDR polymorphism may affect the severity of osteoporosis by influencing vitamin D activity and BB VDR genotype can be considered as a risk factor for the occurrence of osteoporosis in b-thalassaemia.
Low bone mass in thalassemia is attributed to bone marrow expansion and consequent reduction of trabecular bone tissue and cortical thinning due to increased but ineffective hematopoiesis. Advances in transfusion management and chelation therapy have achieved an improvement in skeletal development and cosmetic bone appearance. 8.4 ± 0.8 However, despite optimal conventional treatment and decline in endocrine complications, low bone density is still reported in thalassemic patients [35] . However, some limitations of the current study should be acknowledged. Due to financial limitations, we did not perform bone mineral density (BMD) to our patients, which could be a good indicator for osteoporosis and osteoporotic fracture risk. Polymorphisms of other VDR genotypes, i.e., (TaqI, ApaI, and Cdx-2), and their possible interactions with FokI, BsmI variants were not evaluated.
In conclusion, we found that vitamin D deficiency is common in beta thalassemia major patients. This deficiency coupled with low calcium levels leads to the development of bone diseases. In addition, genetic factors may also influence vitamin D status as reflected by low vitamin D in subjects with BB and (Ff, ff) genotypes, whom also suffers from more bony complications. So, adequate calcium intake and vitamin D administration during skeletal development can increase bone mass and decrease bone loss in adult life. So, better understanding of the functional consequences of VDR (FokI, BsmI) gene polymorphisms would provide a basis for future studies of the role of this polymorphism in vitamin D status and bone diseases in beta thalassemia major.
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